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Resilient	
  is	
  not	
  necessarily	
  green	
  …	
  
…	
  and	
  green	
  is	
  not	
  necessarily	
  resilient	
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Cool	
  
roof	
  

ENERGY	
  
STAR	
  AC	
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  grid	
  
connec7on	
  



A	
  ruined	
  building	
  is	
  not	
  a	
  green	
  building	
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And	
  there	
  are	
  limits	
  to	
  adapta7on	
  

4	
  



Power	
  outages	
  are	
  a	
  cross-­‐cuSng	
  concern	
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Significant US Electric Grid Disturbances (1992-2012) 
1448 Weather-Related Incidents 

Undefined weather 

Wildfire 

Temperature extremes 

Ice/snow/winterstorm/ Nor'easter 

Thunderstorm, tornado, lightning 

Windstorm; hurricane; severe storm 
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Index: 1 = # of 
incidents in 1992 

 Non-weather-related  
 Total Weather-related  

Note:	
  these	
  are	
  outages	
  reported	
  to	
  EIA	
  and	
  not	
  a	
  full	
  sample	
  of	
  all	
  events.	
  



Climate	
  change	
  makes	
  maVers	
  worse	
  
•  Increased	
  event	
  frequency	
  	
  
•  Increased	
  event	
  intensity	
  
•  Changing	
  geography	
  of	
  
exposures	
  

•  More	
  complex	
  impacts	
  
–  (water	
  >	
  wind	
  >	
  fire>blackout)	
  

•  New	
  challenges	
  to	
  the	
  indoor	
  
environment	
  

•  Economic	
  hardship	
  (e.g.,	
  
unaffordability	
  or	
  
unavailability	
  of	
  insurance;	
  
lengthier	
  business	
  
interrup7ons)	
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Considera7ons	
  in	
  thinking	
  about	
  roles	
  for	
  
EERE	
  technologies	
  and	
  prac7ces	
  

•  The	
  need	
  for	
  resilience	
  extends	
  beyond	
  natural	
  disaster	
  
situa7ons,	
  e.g.,	
  to	
  small-­‐scale	
  events	
  such	
  as	
  house	
  fires,	
  
gradual	
  deteriora7on	
  of	
  housing	
  stock,	
  etc.	
  

•  Costs	
  are	
  shouldered	
  by	
  a	
  diversity	
  of	
  players	
  
–  Consumers	
  
–  Insurers	
  
–  Public	
  en77es	
  (federal/state/local)	
  
–  …	
  and	
  the	
  “ROI”	
  perspec7ve	
  is	
  en7rely	
  different	
  
	
  	
  	
  	
  	
  	
  	
  (think	
  of	
  the	
  cost-­‐benefit	
  analysis	
  on	
  a	
  backup	
  generator)	
  

•  Measures	
  can	
  be	
  interjected	
  at	
  various	
  levels	
  
–  Equipment	
  
–  Envelope	
  
–  Whole	
  house	
  
–  Neighborhood	
  
–  Cityscape	
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Downsides	
  should	
  not	
  be	
  ignored	
  

That	
  said,	
  risks	
  of	
  “EERE”	
  technologies	
  are	
  far	
  lower	
  than	
  those	
  
associated	
  with	
  other	
  climate	
  change	
  responses	
  
	
  

•  Solar	
  panels	
  blowing	
  off	
  roogops	
  
•  Excessive	
  complexity	
  of	
  measures	
  =>	
  

unreliability	
  
•  Inadvertently	
  compromised	
  IAQ	
  
•  Liability	
  for	
  underperformance	
  
•  Adapta7ons	
  that	
  cause	
  energy	
  use	
  to	
  

increase	
  (e.g.,	
  more	
  AC),	
  or	
  water	
  
use	
  (evapora7ve	
  cooling)	
  

•  Insurers	
  tend	
  to	
  over-­‐think	
  downside	
  
risks;	
  but	
  have	
  at	
  least	
  proac7vely	
  
launched	
  products	
  to	
  manage	
  them	
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In	
  the	
  1990s,	
  at	
  EERE’s	
  request,	
  we	
  explored	
  poten7al	
  
roles	
  for	
  the	
  insurance	
  industry	
  in	
  mobilizing	
  efficient	
  
and	
  renewable	
  technologies	
  for	
  enhanced	
  resilience	
  
•  9	
  Na7onal	
  Labs	
  

–  ANL	
  
–  BNL	
  
–  INEEL	
  
–  LBNL	
  
–  LLNL	
  
–  NREL	
  
–  ORNL	
  
–  PNNL	
  
–  SNL	
  

•  50+	
  relevant	
  
assessment	
  capabili7es	
  

•  Findings	
  
–  78	
  technologies	
  
–  8	
  hazards	
  
–  15	
  types	
  of	
  insurance	
  

losses	
  that	
  can	
  be	
  
mi7gated	
   9	
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We	
  pursued	
  a	
  wider	
  effort	
  to	
  engage	
  with	
  
the	
  insurance	
  industry	
  

2005	
   2012	
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We	
  iden7fied	
  and	
  tracked	
  a	
  remarkable	
  
level	
  of	
  insurer	
  engagement,	
  globally	
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Resilience-­‐Efficiency	
  Co-­‐benefits	
  ?	
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Framework	
  &	
  examples	
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Reducing)Physical)Damages)&)Injury
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Air$sealing x x x
EE-windows x x x
Water-pipe-insulation x x
Efficient-envelope x x
Cool-roof x
HRV x
Efficient-lighting-/-battery-
backup

x

Shading x
Closed$cell-insulation x x x
Passive-solar-space-
conditioning-and-cooling

x

Solar-DHW x
Efficient-refrigeration x
Water$efficient-appliances-
and-fixtures
PV-grid$intertie-bypass
House$integrated-EV-battery



1.	
  Heat	
  mortality:	
  Chicago	
  1995	
  

•  Risk	
  
–  Heat	
  is	
  #1	
  extreme-­‐
weather	
  killer	
  in	
  US	
  

–  People	
  ogen	
  die	
  
because	
  of	
  
condi7ons	
  inside	
  
homes	
  

•  Solu7ons	
  
–  Improved	
  thermal	
  
integrity	
  

–  Cool	
  roofing	
  
–  Natural	
  ven7la7on	
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  Analysis	
  by	
  Joe	
  Huang,	
  LBNL	
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2.	
  Ice	
  dams	
  

•  Risk	
  
– Heat	
  loss	
  melts	
  
roogop	
  snow,	
  
refreezing	
  at	
  cold	
  
eaves	
  and	
  causing	
  
water	
  intrusion	
  

•  Solu7ons	
  
–  Improve	
  insula7on	
  
–  Reduce	
  air	
  leakage	
  
–  Eliminate	
  bypasses	
  
–  Reduce	
  duct	
  losses	
  
– More	
  efficient	
  
recessed	
  lights	
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3.	
  Roof	
  failure	
  in	
  windstorms	
  

16	
  

•  Risk	
  
–  Roof	
  deck	
  failures	
  are	
  
leading	
  cause	
  of	
  
residen7al	
  building	
  
loss	
  in	
  hurricanes	
  

•  Solu7ons	
  
–  Closed-­‐cell	
  foam	
  for	
  
improved	
  adhesion	
  

University	
  of	
  Florida,	
  InternaIonal	
  
Hurricane	
  Research	
  Center	
  



4.	
  Fire	
  and	
  glazing	
  systems	
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•  Risk	
  
–  Failure	
  of	
  window	
  in	
  fire	
  
is	
  big	
  correlate	
  of	
  
damage	
  extent	
  
	
  

	
  
•  Solu7ons	
  

–  Mul7-­‐pane	
  systems	
  
shown	
  to	
  fail	
  more	
  
slowly	
  due	
  to	
  heat	
  stress	
  
under	
  fire	
  

–  Tests	
  by	
  Pilkington	
  
(Sweden)	
  found	
  2-­‐
glazed,	
  low-­‐e	
  systems	
  to	
  
take	
  3-­‐4x	
  longer	
  to	
  fail	
  
under	
  fire	
  than	
  2-­‐glazed	
  
alone	
  (?!)	
  



5.	
  Fire	
  and	
  halogen	
  ligh7ng	
  
•  Risks	
  

–  Circa	
  1995,	
  the	
  popularity	
  
boom	
  of	
  halogen	
  torchieres	
  
was	
  associated	
  with	
  hundreds	
  
of	
  structural	
  fires	
  

–  Lamp	
  temperatures	
  ~1000F	
  
–  Insurers	
  turned	
  to	
  LBNL	
  for	
  

ideas	
  

•  Solu7ons	
  
–  CFLs	
  eliminated	
  the	
  heat	
  

source	
  (and	
  saved	
  energy).	
  
–  CFL	
  torchieres	
  became	
  

popular	
  with	
  risk	
  managers	
  
responsible	
  for	
  university	
  
dormitories.	
  Fire	
  risks	
  spurred	
  
RD&D	
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Keystone	
  concept:	
  Sheltering	
  in	
  Place	
  

•  The	
  ability	
  to	
  shelter	
  in	
  place	
  includes	
  not	
  only	
  
aver7ng	
  physical	
  damage,	
  but	
  also:	
  
–  Electronic	
  communica7ons	
  
–  Comfort	
  
– Moisture	
  protec7on	
  
–  Evening	
  illumina7on	
  
–  On-­‐site	
  water	
  
–  Ac7ve	
  refrigera7on	
  
–  Sump	
  pumps	
  
–  Alarm	
  systems	
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Most	
  of	
  these	
  have	
  to	
  do	
  with	
  energy	
  services.	
  Standard	
  “supply	
  side”	
  response	
  is	
  to	
  buy	
  a	
  
generator.	
  	
  Issues:	
  cost,	
  safety,	
  reliability,	
  fuel	
  availability/viability,	
  pollu7on	
  



Framework	
  &	
  examples	
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Air$sealing x x x
EE-windows x x x
Water-pipe-insulation x x
Efficient-envelope x x
Cool-roof x
HRV x
Efficient-lighting-/-battery-
backup

x

Shading x
Closed$cell-insulation x x x
Passive-solar-space-
conditioning-and-cooling

x

Solar-DHW x
Efficient-refrigeration x
Water$efficient-appliances-
and-fixtures
PV-grid$intertie-bypass
House$integrated-EV-battery



Shelter-­‐in-­‐place	
  applica7ons	
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Reducing)Physical)Damages)&)Injury

Maintain)
Services)/)
Shelter;in;

Place

Fir
e)e
ntr
y)f
rom

)ou
tsi
de

Fir
e)g
en
esi
s)in
sid
e

Ea
rth
qu
ak
e)d
am
ag
e

W
ind
;da
ma
ge

Mo
ist
ure
)da
ma
ge

Pe
ris
he
d)f
oo
tst
uff
s

He
at)
)ill
ne
ss)
or)
mo
rta
lity

Co
ld)
ex
tre
me
s

Ice
)Da
ms

Ou
tdo
or)
air
)qu
ali
ty

Ne
ed
)to
)ev
ac
ua
te)
ho
me
)

(Sh
elt
er)
in;
pla
ce
)

Air$sealing x x x x
EE-windows x x x x
Water-pipe-insulation x x x
Efficient-envelope x x x
Cool-roof x x
HRV x x
Efficient-lighting-/-battery-
backup

x x

Shading x x
Closed$cell-insulation x x x x
Passive-solar-space-
conditioning-and-cooling

x x

Solar-DHW x x
Efficient-refrigeration x x
Water$efficient-appliances-
and-fixtures

x

PV-grid$intertie-bypass x
House$integrated-EV-battery x

Irrespec've	
  of	
  backup	
  power	
  
source,	
  energy	
  efficiency	
  
across	
  all	
  end	
  uses	
  
(par'cularly	
  cri'cal	
  ones)	
  
extends	
  'me	
  that	
  services	
  	
  
can	
  be	
  maintained.	
  

15k	
  house	
  fires	
  each	
  year	
  are	
  caused	
  by	
  candles,	
  ~30%	
  of	
  which	
  occur	
  during	
  power	
  outages	
  



Off-­‐grid	
  power	
  while	
  sheltering	
  in	
  place	
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Private	
  industry	
  is	
  seeing	
  opportuni7es	
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Efficient	
  DC	
  end-­‐use	
  technologies	
  are	
  par'cularly	
  enabling….	
  



Thinking	
  about	
  deployment	
  partners	
  
•  Resiliency	
  advocates	
  have	
  a	
  hard	
  sell…	
  

….	
  for	
  much	
  the	
  same	
  reasons	
  as	
  do	
  energy	
  efficiency	
  
advocates	
  	
  
–  Recognizing	
  synergisms	
  could	
  help	
  all	
  par7es	
  
–  Non-­‐energy	
  benefits	
  
–  Resilience	
  community	
  its	
  own,	
  different	
  concept	
  of	
  performance	
  
–  Already	
  in	
  their	
  own	
  deployment	
  mode	
  (labels,	
  standards,	
  etc.)	
  

•  Building	
  code	
  developers	
  stovepipe	
  resilience	
  and	
  building	
  
energy	
  performance,	
  but	
  could	
  integrate	
  

•  Green	
  buildings	
  advocates	
  are	
  a	
  bit	
  schitzo	
  about	
  resilience,	
  
although	
  there	
  is	
  no	
  intrinsic	
  dilemma	
  

•  U7li7es	
  have	
  clear	
  interest	
  in	
  both	
  angles	
  
•  Insurers	
  care	
  about	
  climate-­‐change	
  adapta7on	
  and	
  mi7ga7on	
  

co-­‐benefits,	
  and	
  can	
  incen7vize	
  beVer	
  prac7ces	
   24	
  



Insurance:	
  disasters	
  through	
  their	
  lens	
  
Global	
  natural	
  catastrophe	
  events:	
  1980-­‐2012	
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Insurance:	
  precedents	
  
•  Resilience	
  
– Meso-­‐scale	
  modeling	
  based	
  on	
  
individual	
  building	
  forensics	
  

–  Product	
  tes7ng/ra7ng/labeling	
  
–  Premium	
  credits	
  for	
  resilient	
  
buildings	
  

–  Lobbying	
  for	
  improved	
  codes	
  
•  Efficiency	
  
–  57	
  companies	
  offering	
  130	
  products	
  
&	
  services	
  
•  Premium	
  credits	
  
•  Upgrade-­‐to-­‐Green	
  contract	
  
amendments	
  

•  Liability	
  insurance	
  for	
  RESNET	
  auditors	
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Insurance:	
  partnerships	
  

•  World’s	
  largest	
  industry	
  –	
  but	
  have	
  limited	
  bandwidth	
  
•  They	
  direct	
  and	
  fund	
  100’s	
  of	
  $billions	
  each	
  year	
  in	
  
capital	
  replacement	
  and	
  reconstruc7on	
  (“claims”)	
  

•  They	
  have	
  things	
  to	
  teach	
  us	
  about	
  risk	
  assessment	
  
and	
  management	
  

•  Controlling	
  losses	
  helps	
  maintain	
  insurability	
  and	
  
affordability	
  for	
  consumers;	
  also	
  reduces	
  public	
  burden	
  

•  Many	
  of	
  the	
  innova7ons	
  we’ve	
  documented	
  were	
  
carried	
  out	
  in	
  partnership	
  with	
  non-­‐insurer	
  en77es	
  

•  Public	
  insurers	
  of	
  private	
  infrastructure	
  (e.g.,	
  FEMA)	
  as	
  
well	
  as	
  publicly	
  owned	
  infrastructure	
  (e.g.,	
  HUD,	
  DOD)	
  
should	
  be	
  at	
  the	
  table	
  as	
  well	
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Take-­‐homes	
  
•  Resilience	
  is	
  a	
  good	
  “hook”	
  for	
  efficiency	
  (and	
  visa-­‐versa)	
  
•  Many	
  natural	
  partners	
  for	
  EERE	
  
•  The	
  building	
  (energy/indoor	
  environment)	
  performance	
  
community	
  has	
  many	
  useful	
  things	
  to	
  offer	
  to	
  the	
  
resilience	
  community	
  

•  Mul7ple	
  poten7al	
  deployment	
  partnerships	
  
(public	
  and	
  private)	
  

•  Let’s	
  not	
  allow	
  this	
  to	
  be	
  another	
  passing	
  fad	
  
•  Open	
  fron7er	
  for	
  RD&D	
  –	
  proposed	
  LDRD	
  @	
  LBNL	
  to	
  
explore	
  these	
  avenues	
  further	
  

hVp://insurance.lbl.gov	
  
emills@lbl.gov	
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